Introduction
============

In Korea, the prevalence of acute coronary syndrome (ACS) patients is increasing, as is resultant mortality.[@B1] High-risk ACS patients require active treatment because of very high mortality. Recent treatment guidelines recommend percutaneous coronary intervention (PCI) as an active invasive method at the early stage for high-risk patients.[@B2] Left ventricular ejection fraction (LVEF) is a very important clinical factor for diagnosis, treatment, and prognosis, particularly for patients with acute myocardial infarction (AMI).[@B3] Recently, PCI has been more widely used in patients with left ventricular dysfunction because of advanced techniques and instruments. Previous reports showed that a major adverse cardiac event (MACE) following PCI was associated with pre-procedural left ventricular dysfunction,[@B4] and survival rate at the acute stage and the later stage was higher in patients with normal left ventricular function compared to those with left ventricular dysfunction.[@B5] Age, renal insufficiency, multi-vessel disease, and left ventricular dysfunction obviously also affect short-term survival rate of patients with AMI undergoing PCI.[@B6] In a study investigating mortality after PCI in patients with left ventricular dysfunction, the survival rate tended to be lower in patients with low LVEF than in those with normal LVEF.[@B7] However, there has been no established definite predictor of long-term survival after PCI in patients with ACS accompanied by left ventricular dysfunction. Therefore, the present study aimed at identifying factors affecting the long-term survival rate after PCI in ACS patients with low LVEF.

Subjects and Methods
====================

Study population
----------------

From January 2001 to March 2006, a total of 329 patients with ACS undergoing PCI and preprocedural LVEF below 40% was analyzed. They were divided into the group surviving 5 years or longer {Group I, n=130, sex ratio (M : F)=101 : 29} and the group surviving less than 5 years {Group II, n=199, sex ratio (M : F)=126 : 73}.

Methods
-------

We divided 329 ACS patients who admitted to Chonnam National University Hospital and LVEF below 40% into the group surviving 5 years or longer (Group I) and the group surviving less than 5 years (Group II), and examined differences between the two groups in sex, age, clinical diagnosis, LVEF, coronary disease risk factors (hypertension, diabetes mellitus, smoking, hypercholesterolemia), laboratory findings, coronary angiographic characteristics, and concomitant medication. LVEF was measured by Simpson\'s method.[@B8] The morphological characteristics of coronary artery lesions were analyzed through the classification method of the American College of Cardiology/American Heart Association (ACC/AHA).[@B9] Blood flow was classified using Thrombolysis in Myocardial Infarction (TIMI).[@B10] Significant stenosis of lesion was defined narrowing of the coronary artery more than 75%. Successful reperfusion was defined as post-procedural TIMI flow of III with residual stenosis less than 25%. A total of 254 (77.2%) patients were followed up by clinical visits. The other patients were followed-up by telephone and mail to ascertain the occurrence of long-term outcomes. A total of 329 (100%) patients were followed for up to 5 years.

Statistical analysis
--------------------

For continuous variables, the differences between the 2 groups were evaluated by an independent sample t-test or Mann-Whitney rank-sum test, and were presented in mean±standard deviation. For discrete variables, differences were expressed as counts and percent-ages and percentages were analyzed with chi-square test between the groups as appropriate. We constructed Kaplan-Meier curves for survival rate. Cox regression was used in order to identify independent prognostic factors. All statistical analyses were 2-tailed, with clinical significance defined as p\<0.05. All statistical analyses were performed with Statistical Package for the Social Sciences (SPSS version 18.0, SPSS Inc., Chicago, IL, USA).

Results
=======

Baseline clinical characteristics
---------------------------------

A total 329 patients were analyzed and they were divided into Group I (n=130, 39.5%) and Group II (n=199, 60.5%). The cumulative survival rate in these patients was 88.0% in 1 month, 78.0% in 6 months, 75.0% in 1 year, 67.0% in 2 years, 62.0% in 3 years, 57.0% in 4 years, and 40.0% in 5 years ([Fig. 1](#F1){ref-type="fig"}). The average age was significantly higher in Group II than Group I (61.6±11.2 vs. 66.4±11.4 years old, p\<0.001). Female gender was more common in Group II than Group I {29 (28.4%) vs. 73 (36.7%), p=0.006}. Disease distribution included 233 (70.8%) patients with acute ST elevation myocardial infarction, 37 (11.2%) patients with non-ST elevation myocardial infarction, and 59 (17.9%) patients with unstable angina, no difference between the two groups. As to the risk factors of cardiovascular disease, 100 (30.4%) patients were smokers, 135 (41.0%) patients had hypercholesterolemia, 152 (46.2%) hypertension, and 125 (38.0%) diabetes mellitus, and there was no significant difference between the two groups. In echocardiogram, the mean LVEF was significantly higher in Group I than Group II (35.3±5.2% vs. 33.6±5.6%, p=0.004) ([Table 1](#T1){ref-type="table"}).

Laboratory tests and myocardial markers
---------------------------------------

The creatinine level was 1.2±0.8 mg/dL in Group I and 1.4±1.4 mg/dL in Group II, and there was no significant difference between the two groups (p=0.052). N-terminal B-type natriuretic peptide was 4701±6586.9 pg/mL in Group I and 12411±40229.5 pg/mL in Group II and high-sensitivity C-reactive protein was 1.6±3.0 mg/dL and 5.2±38.1 mg/dL, respectively, and there were no significant differences between the two groups. Creatine kinase-MB on visit was 95.4±150.9 U/L in Group I and 96.8±248.9 U/L in Group II, and there was no significant difference between the two groups. Troponin I on visit was 50.2±152.8 ng/mL in Group I and 33.4±86.2 ng/mL in Group II, and there was no significant difference between the two groups ([Table 2](#T2){ref-type="table"}).

Findings of coronary angiography and intervention
-------------------------------------------------

In coronary angiographic findings, culprit lesion was left main in 13 patients (4.0%), left anterior descending artery in 189 (57.4%), right coronary artery in 74 (22.5%), and left circumflex artery in 49 (14.9%). The number of involved vessels was one in 182 patients (55.3%), two in 91 (27.7%), and three in 52 (15.8%). The lesion type according to ACC/AHA classification was A in 0 patient (0%), B1 in 103 (31.3%), B2 in 98 (29.8%), and C in 128 (38.9%). The type of coronary flow according to TIMI classification was 0 in 131 patients (39.8%), I in 18 (5.5%), II in 89 (27.1%), and III in 82 (24.9%). The number of patients who underwent intra-aortic balloon pump insertion was 31 (15.6%) in Group I and 19 (14.6%) in Group II. The number of patients who used abciximab was 25 (19.28%) in Group I and 29 (14.6%) in Group II. The PCI success rate was 90.8% (118/130) in Group I and 93.0% (185/199) in Group II, and there was no significant difference between the two groups ([Table 3](#T3){ref-type="table"}).

Medications
-----------

All the patients were prescribed aspirin and clopidogrel, and beta blocker was prescribed to 114 patients (87.7%) in Group I and 165 (85.1%) in Group II, angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker to 119 (91.5%) in Group I and 167 (86.1%) in Group II, statin to 82 (63.1%) in Group I and 121 (61.0%) in Group II, and calcium channel blocker to 65 (50.0%) in Group I and 88 (44.7%) in Group II. There were no significant differences between the two groups in any medication ([Table 4](#T4){ref-type="table"}).

Independent predictors of 5-year mortality after percutaneous coronary intervention
-----------------------------------------------------------------------------------

Cox regression survival analysis was used to identify independent predictors affecting 5-year mortality. Significant predictors for mortality were LVEF below 30% {odds ratio (OR)=1.793, 95% confidence interval (CI): 1.234-2.452, p=0.002}, serum creatinine over 3.0 mg/dL (OR=2.455, 95% CI: 1.306-4.614, p=0.005), age over 65 (OR=1.594, 95% CI: 1.152-2.206, p=0.005), and female gender (OR=1.524, 95% CI: 1.090-2.130, p=0.014) ([Table 5](#T5){ref-type="table"}).

Discussion
==========

Cardiovascular disease is increasing steadily not only in developed countries but also in Korea, and is one of the most common cause of death. Among cardiovascular diseases, ACS comprises over 50% of deaths and the prevalence is also rising steadily. Mortality becomes higher if patients have ACS accompanied by left ventricular dysfunction. Therefore, the present study was to analyze factors that might predict death in ACS patients with low LVEF in order to identify high-risk patients earlier and enhance survival. The present study showed that independent predictors affecting the long-term survival rate were low LVEF, high serum creatinine, old age, and female gender.

In the present study, the cumulative survival rate was 88.0% in 1 month, 78.0% in 6 months, 75.0% in 1 year, 62.0% in 3 years, and 40.0% in 5 years. In a previous study regarding all AMI patients, the cumulative survival rate was 87.0% in the initial 48 hours and 83.0% in 1 year, and went down to 81.0%, 79.0% and 77.0% each year.[@B10] The reason for the lower survival rate in the present study compared with previous study was the patients in the present study were limited to ACS patients with LVEF lower than 40%. Considering that a study with Korean subjects showed similar survival rates at 1-year 89.2% and at 2-year 86.2%, LVEF is believed to have a significant effect on the survival rate in the present study.[@B11] Furthermore, survival analysis in the present study showed that mortality was the highest within 1 year, especially within 6 months. It might suggest that clinicians should give more intensive care in acute phase after PCI in ACS patients with low LVEF.

Left ventricular function measured by echocardiogram is known to be an objective and important marker for evaluating the prognosis of AMI patients.[@B12] It has been proved by many studies that left ventricular function is an important prognostic factor affecting the survival rate.[@B13]-[@B15] In the present study as well, LVEF below 30% as an independent variable measured by echocardiogram was an important prognostic factor affecting the 5-year survival rate. Accordingly, it might be essential to evaluate ventricular function with echocardigram during ACS patients\' hospital stay and it is important in planning patient treatment and predicting survival.

Walsh et al.[@B16] reported that decreased glomerular filtration rate was associated with worse clinical outcomes and was an independent predictor for in-hospital mortality in patients with STEMI undergoing primary PCI. Also, the previous study showed that patients with serum creatinine over 1.5 mg/dL showed higher 1-year mortality than those with normal level,[@B17] and serum creatinine level higher than 3.0 mg/dL was an independent predictor affecting the 5-year long-term survival rate. Analysis with Korea Heart Dysfunction Registry showed that serum creatinine level higher than 2.0 mg/dL as independent predictor for long term clinical outcomes (hazard ratio=2.29, 95% CI: 1.90-2.76).[@B18] Like these reports, the present study also showed that serum creatinine level was an independent predictor affecting not only the 1-year short-term survival rate but also the 5-year long survival rate. Therefore, it would be helpful for improving the survival rate in ACS patients with low LVEF and renal insufficiency undergoing PCI through combination of treatments for renal dysfunction and active treatment for cardiovascular disease.

As to difference according to gender, previous studies showed inconsistent results. Choi et al.[@B19] reported that cumulative mortality was 21% in men and 30% in women, indicating significantly higher women\'s mortality than men. Even more, the Minnesota Heart Survey[@B20] showed that women\'s mortality was higher than men\'s among AMI patients even after correction for factors such as clinical symptoms and past history. Also, He et al.[@B21] studied the prognosis of 754 patients admitted for AMI and found that women had higher than men in short-term (relative odds=1.74, 95% CI: 1.17-2.60) and long-term mortality (51% vs. 35.9%, log rank p=0.002). In the present study as well, female gender was found to be an independent predictor affecting ACS patients\' 5-year survival rate. In contrast, Maynard et al.[@B22] and Karlson et al.[@B23] reported that the short-term mortality of AMI patients did not showed any significance after correction with age between men and women, although unadjusted mortality was higher in women than men (16% in women vs. 11% in men). Also, Fiebach et al.[@B24] reported that AMI patients\' mortality on admission and for 3 years were higher in women than in men, but no difference was observed between men and women after correction for basic clinical characteristics. This might be explained that although mortality is higher in women than men, gender itself is not an independent risk factor for long-term survival in patients with ACS. This phenomenon was caused by women\'s comorbidities, especially hypertension, diabetes and left ventricular dysfunction. In the present study, women\'s mortality was higher than men\'s, and female gender itself was found to be an independent predictor for long-term prognosis in ACS patients with low EF even after adjusting confounding factors including basic demographic findings. It might suggest that female gender itself is an important prognostic factor for the ACS patients in the situation of low LVEF. However, larger-scale prospective research may be necessary to get more accurate results.

The present study has several limitations. First, it was conducted as long-term retrospective research. Larger scale prospective randomized clinical trials are needed to support the results of the present study. Second, the cause of death could not be confirmed for some cases. Third, the effect of continuous drug therapy, drug switch and stopping of medication were not measured completely in all patients.

In conclusion, the 5-year survival rate was 40% among 329 ACS patients with LVEF below 40% who underwent PCI during the period from January 2001 to March 2006. And LVEF below 30%, serum creatinine over 3.0 mg/dL, age over 65, and being female were independent predictors for the 5-year survival rate in ACS patients undergoing PCI with low LVEF.
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Baseline clinical characteristics
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ASTEMI: acute ST elevation myocardial infarction, NSTEMI: non-ST elevation myocardial infarction, LVEF: left ventricular ejection fraction
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Comparison of biochemical markers of cardiac myocardial injury
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NT-proBNP: N-terminal B-type natriuretic peptide, hs-CRP: high-sensitivity C-reactive protein, CK-MB: creatine kinase-MB
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Comparison of coronary angiographic characteristics
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LAD: left anterior descending coronary artery, RCA: right coronary artery, LCx: left circumflex coronary artery, TIMI: Thrombolysis in Myocardial Infarction, ACC/AHA: American College of Cardiology/American Heart Association, IABP: intra aortic balloon pump, PCI: percutaneous coronary intervention
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Comparison of the prescribed medications
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ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker
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Cox regression survival analysis for predictive factors of mortality during five-year clinical follow-up

![](kcj-42-692-i005)

OR: odds ratio, CI: confidence interval, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker
